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A common line of reasoning that argues against teleological conjectures in physics, 
cosmology, and especially evolutionary biology, resorts to statistical concepts based on 
notions of randomness, unpredictability or chance. A conceptual relationship between 
the aleatory uncertainty of a process and its inherent lack of goal-directedness is often 
taken for granted. This relies on a misunderstanding of the real significance of stochastic 
concepts importing a popular semantics into scientific considerations, which leads to 
unwarranted conclusions. We felt it necessary to clarify terms and concepts involving 
stochastic processes and why there is no mutual exclusivity between randomness in the 
physical world and conjectures involving teleological arguments in physics and 
evolution envisaging a goal-driven and conscious universe. 
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1. Introduction 
The question for final causes in Nature is as old as humanity. Well known are Aristotle’s speculations 
on the existence of a ‘télos’, on the tendency of natural phenomena and objects to fulfill a purpose, aim 
or finality. Since then, teleology has had alternative fortunes and was prevalently the subject of 
theological discussions. This changed dramatically with the advent of scientific theories of evolution 
when Darwin published, in 1859, “The Origin of the Species” and, even more so, with its neo-Darwinian 
revised and widened format of the 20th century–the so-called ‘modern synthesis’ that was developed in 
the 1940s. The possibility of final causes was ignored a priori to get rid of any teleological temptations. 
This approach of science had, and continues to have, its good reasons. Science should not question 
supposed ‘divine interventions’ and instead should investigate how far it can go by positing exclusively 
naturalistic causes. Scientific rationalism answered a necessity to root out centuries of obscurantism and 
superstitious worldviews enthroning reason and empiricism as the rulers determining what must be 
considered true or false. Ideally, one should avoid, from the outset, asking questions involving deeper 
philosophical issues, such as those having spiritual or religious bents. These should have no place in a 
scientific discourse and must remain inside one’s own private belief system. To a certain extent, this 
ideal worked well inasmuch as it greatly encouraged humanity to develop its analytic skills fostered by 
a scientific and industrial revolution.  
However, this secular and agnostic ideal quickly morphed into a physicalist, reductionist, gene-
centered ontology that was no longer willing to accept teleological speculations, not even as a separate 
subject of personal belief, and rather posited the absence of goal-directedness in Nature as a scientific 
established fact. This was a subtle and undeclared epistemological and metaphysical shift that never 
relied on empirical facts but only on a straightforward application of a ‘principle of parsimony’, also 
known as ‘Occam’s razor’. This methodological approach has its raison d’être as well: Multiplying 
entities is an unnecessary practice if phenomena can be explained without them. 
Nonetheless, Occam’s razor has been promoted from an epistemological recipe to an arbiter for 
metaphysical truths. A hypothesis that does not conform to a naturalistic paradigm is no longer verified 
or falsified; rather, it is posited ab initio as unnecessary. This transformed Occam’s razor from a sound 
methodological criterion to an unwarranted (and more or less unaware) replacement for scientific 
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evidence. The ideal of a philosophically impartial science has been relaxed and the hypothesis of final 
causes in Nature is no longer left as a question that science cannot answer. Rather, it is taken for 
unnecessary and, therefore, evolution is unguided and ‘blind’. Doubting the self-sufficiency of gene-
centered evolutionary principles of natural selection and random mutations positing other possible 
mechanisms has become an unnecessary hypothesis. Therefore, all the creative processes we observe in 
Nature are explained by these alone. Similarly, and most relevant to our present analysis, became the 
uncritical application of statistical concepts: Because randomness and chance play a decisive role in 
Darwinian evolution, there is no reason to assume a guided evolution or a purposeful action of goal-
oriented forces. Therefore, these simply do not exist. 
In other words, what could be true has been declared true, what could potentially explain something 
has been accepted as the explanation, and what may not exist has been considered as non-existent. When 
it comes to these deeper philosophical questions, healthy agnosticism has been replaced with a 
mechanistic determinism invoking principles of parsimony.  
Fortunately, Nature couldn’t care less about our desires for parsimony and simplicity and turned out 
to be far more complex than we could ever imagine. 
The idea that genetic variation and natural selection account for all the evolutionary changes in a 
passive living organism turned out to be inaccurate. Overall, the gene-centric model that considered 
DNA as something that can ‘selfishly’ act alone by a fixed top-down control, like a computer with a 
ROM memory, turned out to be an oversimplification. Genes ‘explain’ life no more and no less than the 
words in a dictionary ‘explain’ literature. Other powerful mechanisms must be incorporated, such as 
epigenetics, symbiogenesis and cell basal cognition (for a review see, (Shapiro, 2013), (Laland & et, 
2015).)  
However, still firm is the belief that all possible teleological hypotheses are unnecessary and, 
ultimately, have been expunged long ago also on augmentative assumptions based on the anti-correlation 
between randomness and final causes. If we agree that a phenomenon is random, we must conclude that 
it can have no aim or purpose, let alone be the expression of a volitional agent. This logical fallacy is 
far too often taken for a granted obviousness. 
Because this aspect permanently vitiates the philosophical debate that resorts to teleological 
arguments, we felt it necessary to expand on this point in order to bring back conceptual clarity. This 
will be the first part of this paper. 
The insights obtained in this first part will be applied in the second part, which deals with the question 
of whether stochastic processes, in particular quantum randomness, are compatible with metaphysical 
theories of universal consciousness from a teleological perspective. Here, we will show that there is 
neither a logical nor a scientific or philosophical constraint that prevents the formulation of theories of 
universal consciousness embedded in a purely random quantum process-physics, nonetheless remaining 
compatible with a teleological conception of Nature. 
The third part will contain a quick historical review of the first attempts to integrate quantum 
phenomena in neurobiology into modern quantum biology. 
A few conclusive remarks will follow. 
2. Randomness and unpredictability: A few conceptual 
clarifications 
On one side, everything seems to depend on a self-organising dynamic chance, an unaccountable 
freak and fantasy of the cosmic phenomenon we call ‘Nature’. At first, everything appears driven by an 
inconscient force that depends only on strictly mechanistic laws acting and creating along a random path 
and, nevertheless, has given birth to an ever-increasing complexity and conscious beings. The preferred 
argument of scientific Darwinism against teleological temptations is the ‘blind watchmaker’ analogy 
that states how–by natural selection, random mutations, genetic drift and genetic flow, which, together, 
determine adaptation–the survival of the fittest, induced by chance events dictated by the environment 
and other external constraints or bio-chemical factors, etc., then supposedly everything can be explained 
away by a cumulative and selective mechanism. Moreover, there is no notion of ‘progress’ in Darwinian 
evolution, in the sense of a greater complexity and intelligence ‘becoming better’ or ‘improving’, let 
alone an intentional ‘progress’ towards a goal, whatever these terms might mean. It is about only 
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reproduction and survival with life-developing organisms by summing up random favorable traits. All 
speculations about final causes are non-necessary hypotheses that must be cut out with Occam’s razor. 
On the other side, whatever science tells us, the tension between the concept of a blind deterministic 
universal clockwork and a creation guided by an inward intelligent cosmic consciousness never ceased 
and did not find a definite resolution. Among other things, we contend that this has to do with our 
unaware misunderstanding of what words like ‘randomness’, ‘chance’, ‘coincidence’ and ‘accident’ 
really mean and what they implicate.  
Probabilistic concepts have been applied for centuries, from game theory to medicine, from finance 
to social theories, and also extensively to classical physics well before quantum theory was developed. 
However, there is an important distinction between the concepts of probability and randomness in 
classical and quantum physics. Both rest on statistical analysis but are inherently very different and must 
be distinguished. Let us unpack this in more detail. 
First of all, what is randomness? What is chance? What is a coincidence or an accident? 
There is a clear conceptual distinction of these terms between their popular understanding and their 
scientific definition. The popularly accepted meanings can be found in dictionary definitions. 
According to the online Cambridge dictionary, random is something "happening, done or chosen by 
chance rather than according to a plan"–"without choosing intentionally.” Or also something that is 
"informal, strange or unusual." Chance is "the level of possibility that something will happen" and a 
coincidence is "an occasion when two or more similar things happen at the same time, especially in a 
way that is unlikely and surprising." 
The Oxford English Dictionary instead defines 'random' as anything "having no definite aim or 
purpose; not sent or guided in a particular direction; made, done, occurring, etc., without method or 
conscious choice." 
Wherever you look for definitions, you will get to know that randomness is "something proceeding, 
made, or occurring without a definite aim, purpose, reason, or pattern, method or adherence to a prior 
arrangement; not following any prearranged order and lacking any definite plan" or as something 
“accidental, incidental, aimless, non-casual, designless, fortuitous, purposeless, unaimed, unplanned, 
unpremeditated, unintentional, unforeseen." Chance is "the absence of any cause of events that can be 
predicted, understood, or controlled; not planned or expected; accidental; by chance, without plan or 
intent." Meanwhile, a coincidence is "a striking occurrence of two or more events at one time apparently 
by mere chance." 
These popular notions of these only vaguely defined stochastic concepts always suggest (more or 
less implicitly) a lack of directedness, aim, purpose–that is, they present themselves as a test that 
guarantees the absence of any teleological force standing behind a phenomenal outcome. This may be 
fine as long as we use them in our common language and for our daily practical purposes. However, 
what is frequently ignored is the fact that in physics and mathematics, notions like randomness, 
unpredictability, chance or coincidence are all defined abstracting from teleological implications. In 
science and mathematics, there is no connection whatsoever between randomness, chance or what we 
call an ‘accident’, with notions of agency, purposefulness or aim in the sense of the popular dictionary’s 
definitions. 
The simplest idea of what we usually mean by 'random events' is a set of outcomes to which equal 
probability is assigned, also called ‘white noise’.1 While the simplest notion of probability and 
randomness is that of mathematical tools that are a measure for unpredictability, with unpredictable 
meaning everything that can’t be predict it with 100% certainty. The outcome of the repeated tossing of 
a coin or a dice is something we intuitively speak about as being a 'random' process–provided, of course, 
that they are not biased and can be considered a perfect coin or dice. The probability of obtaining heads 
or tails in the coin toss is equal for both–that is, 50%. Or the probability p of obtaining a number between 
1 and 6 with dice is p=1/6. 
The concept of probability dates back to the 17th century with Blaise Pascal (1623–1662), Pierre de 
Fermat (1601–1665) and Christiaan Huygens (1629–1695). The latter introduced, in 1657, the concept 
 
1 Here we will maintain the concept of randomness as synonymous with ‘unpredictable’, which extends the concept from 
a white noise process (every event has equal probability of being realized) to a probability distribution (each event has a 
different probability of being realized but its occurrence is stochastic–that is, one will never be able to predict with certainty 
the next occurrence). 
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of 'expected value', the average value of a random variable over a large number of experiments. For a 
historical account see (Hacking, 2006) and (David, 1998). What we normally have in mind nowadays is 
the ‘frequentist interpretation of probability’ of Richard Von Mises (1883–1953), who, in 1936 defined 
the probability of an event as the limit of its relative frequency in many trials (Von Mises, 1936). 
Nowadays, however, in pure sciences such as mathematics and physics, the von Mises frequentist 
interpretation has given way to a purely axiomatic approach introduced by the Russian mathematician 
Andrey Kolmogorov (1903–1987) in 1933; he was one of the fathers of current probability theory, in 
about the mid-60s. While being a rigorous abstract definition of probability, it does not tell us much 
more than what our common sense already suggests. The issue of whether random events are really a 
'coincidence' (whatever that might mean) or appear as such only because of our ignorance of the 
underlying causes and effects that govern a very complex phenomenon is not even mentioned. 
Arguments for or against teleological speculations have no place in these mathematical formalizations. 
This attitude serves well for several practical purposes, as it is practiced in finance, surveys, 
medicine, game theory, etc.–for instance, in statistical mechanics, where physicists speak of the 
'molecular chaos' of the random thermal dynamics of molecules in a gas. One can use this to make 
meaningful statistical calculations and predictions about the state and properties of gases. 
In this sense probability is an indicator of epistemic limitation. One speaks of an epistemic 
probability which is a probabilistic value for a phenomenon to occur, according to what is known. Once 
we have done our best to consider all the factors determining a phenomenon according to what we know, 
we can eventually express a probability function that furnishes us a statistical prediction of the frequency 
of its occurrence. However, we can eventually gain more information about the details of the system, 
update our knowledge of how it works and refine the probability function. In principle that can go so far 
that, once everything is known, we can predict with certainty the outcome of the next event. Epistemic 
probability is also called “subjective probability” (or “Bayesian probability”) because it depends from 
our subjective knowledge, it is not an inherent physical property of the system. The closely related notion 
of randomness is, therefore, also an epistemic, not a naturalizable inherent property. 
Perhaps the most notorious and rigorous definition of randomness is that based on the works of 
Kolmogorov and, later, the American mathematician Gregory Chaitin. Chaitin's very abstract and 
formally mathematical rigorous theory, called 'algorithmic information theory', established a link 
between the concept of randomness and complexity (Chaitin, 1975), (Downey & Hirschfeldt, 2010). 
The latter we can define as a measure of the shortest possible string of data that describes an object. A 
large (small) ‘Kolmogorov complexity’ means that the shortest possible string describing an object is 
large (small). The 'algorithmic complexity' is the size (usually measured in bits) of the smallest program 
for describing something. It is here that randomness finds a rigorous definition. In 1962 Chaitin thought 
of randomness, also called “Kolmogorov randomness”, as the property that a string has when no 
computer program shorter than that string exists that can reproduce it (Chaitin, 2007). Random is 
everything that is represented by an incompressible string and, thereby, has maximum complexity. The 
link between the complexity of a system and randomness was established. That is also why, in physics, 
the notions of randomness, order and disorder are closely connected to entropy and other 
thermodynamical functionals. 
While this seemed to be a powerful and rigorous way of defining randomness, it soon turned out to 
be a Pyrrhic victory. Because Chaitin himself was also able to prove that there is no way, not even in 
principle, to determine whether a program has this shortest length. The information complexity of an 
object cannot be calculated because, to do that, one needs to know the length of the shortest program 
that still describes that object. This turned out to be impossible because it is forbidden by the famous 
‘incompleteness theorem’ of Kurt Gödel (Gödel, 1931). It poses a limit to mathematics that is inherent 
to mathematics itself, and not because we are ignorant or still did not develop a sufficiently powerful 
mathematical theory. Determining whether something is ‘random’ in the sense of maximal complexity 
is an intrinsic and unavoidable logical impossibility. We will never be able to determine, not even in 
principle, whether events are truly random in the first place. 
But, setting aside the absence of that conceptual closure, again, also in this theoretical framework 
there is no logical connection between purposefulness and randomness. This is one of the reasons why 
it becomes bad science and bad philosophy to make inferences about final causes relying on statistical 




3. Deterministic randomness and final causes in the clockwork 
universe 
To clarify further, going beyond the mere definitional and abstract conceptualizations, think about 
how we instinctively connect a measure of predictability to a property inherent in the process, while it 
is, instead, a relative concept: What appears to be totally unpredictable in some experimental setup might 
well turn out to be predictable in another one (or for someone else).  
For example, contrary to common belief, tossing a dice is an indeterministic or deterministic process 
depending on how we observe it. We tend to think of it as indeterministic because it is a highly complex 
sequence of classical physical processes that are almost impossible to follow, measure and predict. 
However, in principle, we could predict the outcome of a dice toss. In fact, if one has all the physical 
parameters, the initial and boundary conditions of the dice, as well as a powerful numerical tool that 
calculates the dynamics of the event, one could ideally predict the outcome. Tossing a dice is a 
macroscopic dynamical process that can be described by the laws of classical physics and, in principle, 
could be predicted if we have complete knowledge of all that is needed to calculate the outcome. Coin 
and dice tossing are deterministic processes because if they were tossed with exactly the same initial 
and boundary conditions, the outcome would be the same. 
This makes a random event a predictable one–that is, not random–only based on our knowledge. 
Randomness should not be confused with an intrinsic property of an object or a system like the mass, 
the electric charge or the spin of a particle.  
Another example along the same lines is encryption technology. This has been created just for a 
purpose: to transform sensible data into a stream of data that have been optimized to appear patternless–
that is, random. It transforms a stream of bits according to a complicated informational protocol into a 
complex sequence that by all means appears purely coincidental. But what in the encryption is seen as 
just noise without any regularity, let alone meaningful structure–that is, a stream of apparently purely 
coincidental data dominated by chance, without meaning and purpose–suddenly makes sense once 
decoded with a key or password and reveals the presence of something meaningful. 
 
Fig. 1 Encryption of an image. 
Therefore, in a certain sense, randomness is in the eyes of the beholder according to what one knows, 
not something inherent in a process or the ‘world out there’. 
However, much too frequently, even top scientists or philosophers forget about all that when 
expressing philosophical viewpoints that continue to connect randomness with the idea of 
purposelessness, aimlessness, lack of a goal or an unguided evolution, etc. 
Moreover, what further fuels the confusion is the distinction between only apparently random 
phenomena, so-called ‘pseudo-random processes’ and ‘truly’ random processes, or between 
‘deterministic’ and ‘non-deterministic processes’, with the latter meaning that for the same input, you 
will nevertheless see the system behaving with different outputs. 
Let’s first consider things in the domain of classical physics.  
Is this distinction warranted? Can we come up with a single example of a 'truly' random process? As 
we have seen, there is no means to do that. The distinction is only intuitive and colloquial, not scientific. 
For example, you will hear that coin tossing is a 'truly' random and non-deterministic process. But we 
have already seen that it is easy to show, with a thought experiment, that this is not the case. Whether 
or not something is predictable depends on what you know and how you look at it.  
Also, so-called ‘random number generators’ on a computer are usually only very complicated 
deterministic programs that create sequences of pseudo-random numbers–that is, generated by a 
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deterministic algorithm. The algorithm is designed to be so complicated that its output appears to be a 
random sequence. When we talk about the random generators of a normal computer, we mean a program 
that 'hides' its variables. If we could know all these hidden variables and the algorithm that stands behind 
them, we would be able to predict the outcomes, at least in principle.  
It is the conception of randomness that makes up all classical statistical mechanics and that is 
historically rooted in Galilean and Newtonian physics. This is what, in 1814, French mathematician and 
philosopher Pierre-Simon Laplace realized and posited about the conception of a purely deterministic 
and, at least in principle, completely predictable universe. Laplace framed this in a thought experiment 
with what nowadays is known as 'Laplace’s demon' and that still is the (undeclared and implicit) 
assumption of modern materialism. Laplace’s daemon is widely known for illustrating a strictly causally 
deterministic universe in a reductionist form that leaves almost no space for teleological speculations. 
Laplace wrote:  
“We may regard the present state of the universe as the effect of its past and the cause of its future. 
An intellect which at a certain moment would know all forces that set Nature in motion, and all positions 
of all items of which Nature is composed, if this intellect were also vast enough to submit these data to 
analysis, it would embrace in a single formula the movements of the greatest bodies of the universe and 
those of the tiniest atom; for such an intellect nothing would be uncertain and the future just like the 
past would be present before its eyes.” (Laplace, 1814) 
Such a classical deterministic ontology could, at best, admit a deistic conception in which final 
causes, if any, could be traced back only to the beginning of the universe when such an ‘intellect’ must 
have predetermined with utmost precision the initial conditions of every particle to obtain a specific 
desired dynamical evolution "of the greatest bodies of the universe and those of the tiniest atom" in the 
billions of years to come. Such a deity would have initially imparted the first ‘kick’ to the universe but 
then stood back without further intervention, leaving it to its own predetermined destiny. 
While this kind of almost complete deterministic theology looks like a desperate retreat to save a 
theistic worldview, a Laplacian worldview that also denies the existence of such ‘intellect’ ends up in 
an entirely deterministic cosmology that looks equally, if not even more, extreme. In fact, it implicitly 
assumes that all the events in the universe not only are determined by an inescapable causal chain of 
causes and effects in the future but were also predetermined in the most distant past state of the universe. 
Our present physical state, in all its minutest details, was already inscribed in the initial conditions of 
the universe at the time of the Big Bang. This means that, for example, all Shakespeare’s sonnets, 
Mozart’s music, Newton’s Principia, every painting of Van Gogh, Einstein’s genius and all human 
literature, sciences, arts, etc. were already present and somehow contained in every detail in a primordial 
hot, opaque and messy plasma 13.8 billion years ago. Such a strictly deterministic Laplacian causality 
inevitably leads to a universe where everything must have been present in a potential form from its 
beginning, like in a huge book whose every page was already written in advance in a superdense, 
superhot and structureless clump of hydrogen with only a few traces of helium and lithium and no other 
heavier elements, let alone stars or planets. If, indeed, this was the case, the obvious question is: How 
did that fantastic story get there? Who or what encoded that epic adventure into a primeval soup? 
While some might be willing to embrace a deistic or purely Laplacian cosmology, both of these 
positions are the result of the ultimate logical consequence of two opposing hypotheses pushed to their 
extremes and that hardly can avoid causing some reluctance. The former is forced to posit a purely 
mechanistic universe with a rather indifferent (indeed, demonic) deity looking at the pains and strives 
of its creature like in a movie where it plays no role. The latter is forced to posit from the outset the 
outcome of an evolutionary process already at its beginnings: a quite perplexing philosophical move 
considering that it was supposed to eliminate any teleological innuendos. 
Nevertheless, pondering these strictly deterministic ontologies has a pedagogical usefulness in 
clarifying the semantics of words like ‘randomness’, ‘accident’, ‘chance’, etc. From the perspective of 
the Laplacian daemon, these concepts have no meaning. Nothing was, is and ever will be random or 
happen by chance because everything is predictable in all its details. These are only human labels to 
which we resort when we are ignorant of all the parameters characterizing a phenomenon and that, 
therefore, we cannot “embrace in a single formula.” In the context of classical determinism, the 
phenomena that appear to us as completely random are also completely determined and predictable, 
depending only on who the observer is, with randomness having nothing to do with the phenomenon 
itself. The difference appears only in our minds and has no ontological correspondence.  
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That is why resorting to statistical arguments invoking the role of random mutations or whatever 
accidental events causing genetic variations and, thereby, steering an undirected Darwinian evolutionary 
process is an empty inference. By doing so, one erroneously conflates a measure of randomness with an 
empiric test for the lack of directedness or pretends to prove, by a seemingly logical inference, a lack of 
final causes which, however, were unconsciously posited already ab initio as an axiom. 
4. Quantum randomness and final causes in the conscious 
universe 
But what about quantum physics? 
Quantum mechanics is considered inherently random, meaning that we can only calculate a 
probability that a specific event is going to happen but will never be able to predict it, even in the case 
that everything is exactly known about the system (its physical properties, its initial and boundary 
conditions, etc.). Sometimes one distinguishes epistemic probability vs. “ontological or ontic 
probability.” While the former assigns probabilities according to what is known, the latter considers 
events that are inherently probabilistic–that is, the unpredictability of the occurrence of a phenomenon 
isn’t due to our ignorance or because of its complexity. The outcome is unknowable as a fundamental 
principle of nature. In this view ontic probability describes unpredictability–that is, randomness–as a 
physical property inherent to the system’s behavior. 
From several theoretical considerations and experimental verifications, we know that there can be 
no hidden variables, at least not in a locally realistic theory. From experimental evidence, we know that 
quantum physics violates the famous ‘Bell's inequalities’ (Bell, 1964). It is a mathematical theorem that 
sets boundaries on our conceptions of reality and tells us that we must abandon either local or causal 
realism. In the latter case, we must deal with a truly random domain where things are unpredictable, not 
even in principle.2 The best we can do is resort to probabilistic predictions but we will never be able to 
predict the single quantum phenomenon. This implies that in, quantum physics, we have something 
completely different from the deterministic randomness of tossing coins or dice.  
This is exemplified in Heisenberg’s uncertainty principle, which states the impossibility of 
determining the exact value of the position and momentum of a particle at the same time. It is not a 
statement on the practical limitations and the measurement error that every device has; rather, it is an 
ontological statement on the intrinsic nature of objects themselves. Quantum uncertainty cannot be 
reduced to the interaction between the measurement device and the particle to be measured. In other 
words, it is not the quantification of our ignorance but, rather, expresses an ontology where the position 
or momentum of a particle are meaningless concepts in the first place. It is only at the instant of 
measurement that the measurement device ‘picks out’ only one potential outcome in the form of a scalar 
quantity (eigenvalue) among the many defined by a probability distribution. But asking for the particle’s 
exact position and momentum independent from our measurement–that is, by a reification based on 
counterfactual definiteness–is a meaningless question. 
Another domain where quantum randomness must be taken into account is in the structure of empty 
space as described by quantum field theory. The quantum vacuum is not seen as empty as in classical 
physics; it is a dynamic universal background of potentialities. At every point in space and time, the 
vacuum’s potential energy is not zero; rather, it is defined by an average ground state energy–that is, the 
vacuum expectation value of the potential of the harmonic oscillators constituting the space-time 
manifold. Though not entirely correct, one envisages this with a pictorial model as an all-pervasive 
randomly fluctuating energy field, the ‘quantum foam’ of empty space.3 Energy and particles–the virtual 
 
2 Strictly speaking, the question of whether quantum physics is a theory without hidden variables is still a matter of debate. 
Because the violations of Bell’s inequalities imply that locality or determinism must be given up, it is still possible to conceive 
of non-local but classical deterministic quantum ontologies (the most notorious interpretation of this type is the De Broglie-
Bohm pilot wave theory). However, the consequences of a deterministic quantum theory are the same as discussed for 
deterministic randomness. Therefore, we chose the second option and will assume quantum phenomena being without hidden 
variables. 
3 It would be more correct to connect the abstract notion of the expectation value with the ‘potentiality’ of the field of 




particles of quantum field theory–quickly pop in and out of existence and thereby determine the 
interactions between real particles. But nothing in the theory could predict the value of this universal 
quantum field at a specific point in space and time. Everything fluctuates in a completely unpredictable 
manner.  
That is also the reason why, in some contexts where we want to be sure that nobody could predict a 
sequence of events, one uses quantum random generators (for example, by reading out the quantum 
fluctuations of the vacuum or nuclear decay processes). We could say that, in quantum physics, the 
events dictated by quantum random and ontic probabilistic laws have no inherent and hidden causes. 
Our causal, deterministic and mechanistic understanding of the world, where everything that happens 
must be determined by a chain of causes and effects, no longer holds. Or, in other words, one can literally 
have effects without a cause. These events just happen and are ‘cause-less’. Even if we prepare a system–
say a single particle–in the exact initial conditions it had in a previous experiment, it will nevertheless 
behave differently.4 The collection of events must follow a statistical probability distribution, but there 
is no cause for that single event taking place at that single instant at precisely that position in space. This 
means that also Laplace’s daemon, which knows all the initial properties, the position and momenta of 
all the particles of the universe, will nevertheless be unable to predict its future, at least not beyond a 
certain uncertainty dictated by quantum laws. 
However, formally, in quantum physics, there is no such notion as ‘pure chance’ or ‘effects without 
causes’ other than stating that ‘the theory is without hidden variables’. The distinction between 
deterministic randomness and quantum indeterminism must be found solely in defining the latter as the 
contrary of the former. Physics retired to an epistemological and non-ontological position and does not 
associate any physical mechanism or ontology to the weird fact that a specific quantum event is realized 
among many possible ones; it only calculates by statistical means–that is, by expectation values–the 
probability with which we must expect that it comes into existence, assuming no other inherent or hidden 
preceding causes making precisely this event become real and not others. It is a science of potentialities, 
not of causalities. It is a physical theory about correlations or anti-correlations between particles showing 
up randomly without ‘spooky actions at a distance’, as Einstein used to think of, but also without 
furnishing any explanation of how the (anti-)correlation could come into being without any causal 
action. To put it bluntly, quantum events just come out of the blue, like magic. It is a sort of ‘miraculous 
acausality’ that a quantum theory without hidden variables, de facto, posits. The reasonings we applied 
to the case of deterministic randomness which were based on arguments out of ignorance no longer hold 
here. 
Most physicists embrace this worldview and no longer question it. While being a legitimate neo-
positivistic methodological choice that does not bother with deeper philosophical musings–the famous 
‘shut up and calculate’ mindset (Kaiser, 2014)–it is yet another perplexing result of a line of reasoning 
pushed to its ultimate consequences. One should have expected that a belief system accepting the 
description of the quantum world as an interminable sequence of effects without causes, with energy 
states and particles seemingly brought in and out of existence as if subjected to a mysterious action of a 
magic wand, would have hardly been considered a self-sufficient and credible explanation for natural 
phenomena by a rational and scientific mind that clings to a mechanistic causality. Science finds itself, 
again, in a paradoxical position: Its original aim to expunge every arbitrary and spooky process from the 
macrocosm world has, ultimately, forced it to reintroduce and blindly accept it in the microcosm. 
Some of the plethora of interpretations of quantum mechanics have tried to come up with this dead-
end in its conceptual foundations–most notably, the Many-Worlds-Interpretation, where one imagines 
that there is no quantum randomness or uncertainty but, rather, a branching from our World into the 
existence of an infinite number of new physical Worlds every time a measurement is performed, which 
overall represent the realization of every potentiality. And because your identity actually reading these 
lines is living in only one of the gazillions of possible Worlds, and where a copy of yourself exists as 
well, the event you observe realized in your World seems to be random because you have no contact 
with the other Worlds where all the other possible events have been realized. So, one brings through the 
backdoor an argument by ignorance and, frankly, with an even less convincing ontology which, 
however, saves a classical mechanistic view of causality. 
 
4 This is what defines a ‘non-deterministic random process’ and that is somewhat inappropriately labeled ‘true randomness’ 
in classical physics.  
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Most physicists, however, do not embrace this interpretation and feel comfortable with the ‘shut up 
and calculate’ attitude without further questioning this weird state of affairs. The reasons are the 
following. 
Firstly, because it works. Quantum physics, its special relativistic extension in quantum field theory, 
and its incarnation in the standard model of particle physics are among the most successful and 
empirically tested theories in the history of science. The dry positivistic attitude that limited itself to a 
mathematical instrumentalism that did not bother about more foundational questions had good reasons 
to be pursued because, until the 1970s, it led to an incredible series of successes. Not much, however, 
following that renaissance period. 
Secondly, the quantum world ruled by random processes without causality is hidden in a microscopic 
realm, far removed from our macroscopic everyday experience, and has been diligently buried under an 
enormous amount of abstract concepts and mathematical calculations where it is no longer directly 
recognizable and, therefore, no longer elicits annoying questions of a more philosophical nature (for 
which most physicists have no time left anyway). 
The third reason is that modern physics hit a wall where, if it would attempt to take seriously this 
state of affairs, it could end up with an alternative interpretation of the nature, origin and meaning of 
quantum uncertainty, leading straight away to metaphysical models of reality–obviously, something 
anathema not only for the physicists but also for the secular philosopher who, confronted with the choice 
between the absurdities of a ‘magic’ worldview or the metaphysical one, prefers to stick to the former, 
whatever it costs. That is also, in the author’s opinion, the reason why some prefer to multiply 
themselves in gazillions of ‘worlds’ rather than admitting a more sober and much more credible but, 
indeed, metaphysical theory.  
Finally, it is also a matter of prestige and academic acceptance: Outing non-physical speculations 
does not help in one’s career progression.  
Nonetheless, there is no logical, scientific or empiric fact that could prevent us from formulating 
alternative metaphysical and teleological hypotheses on the nature of quantum randomness–an ontology 
that envisages alternative interpretations of this universal stochasticity of quantum phenomena as the 
expression of a conscious, volitional and goal-directed universal entity. It is something that, in hindsight, 
may come close to worldviews and ontologies framed long before the advent of quantum physics.  
For example, already the Hellenic tradition beginning from Heraclitus, Parmenides, Plato, Plotinus 
and most Neoplatonic systems conceived of an “Anima Mundi”, a living and cognizant Soul containing 
everything as an aethereal spirit that embraces, contains and interpenetrates everything. B. Spinoza 
expressed a similar ontology identifying God and Nature as a unique universal “substance”, a “Natura 
naturans” at work expressing itself with different modes of existence. This is something quite 
reminiscent of the vacuum of quantum field theories and where every particle and its interactions are 
described as excitations of a universal quantum field interacting with each other. On similar lines of 
reasoning, one can find the whole tradition of philosophical idealism eminently represented by figures 
such as A. Schopenhauer, who, in his opus magnus “The World as Will and Representation”, claims 
that the infinite activity of Nature is, at bottom, always the expression of an immanent Will. All of reality 
appearing in its material form is ultimately guided by this universal and creative Will that generates all 
events in time and space, though veiled by the mask of a mechanical causality. Causality and Will are 
one and the same. F. Hegel’s “Geist” and J. Schelling’s “World-Soul” describe the physical universe as 
a conscious spiritual principle, intelligence or mind. The Eastern philosophy posited the transcendent 
Brahman as “The One without a second” as all there is and its manifestation as a cosmic consciousness. 
The Mahayana Buddhist speaks of the “Śūnyatā”–that is, “emptiness” or “vacuity”–being the intrinsic 
existence and nature of everything. 
In contemporary metaphysics, besides a revival of panpsychism, panentheistic conceptions of 
universal consciousness also received renewed attention. Particularly highlighted in recent literature are 
I. Shani’s cosmopsychism (Shani, 2015) and B. Kastrup’s ‘cosmoidealism’5 (Kastrup, 2018). These 
reverberate a modern scientific and Western perspective of Eastern philosophies, in particular that of 
the Indian Advaita Vedanta. The reason for this comeback in Western metaphysics is that, despite the 
enormous progress of neurosciences which were expected to shed light on the nature of consciousness 
 
5 We borrowed the term ‘cosmoidealism’ from D. Broderick, who cites D. Chalmer in (Broderick, 2018). 
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and mind, there has been no tangible progress regarding the old standing mind-body problem or, as it 
has been reframed by D. Chalmers in its modern version, the “hard problem of consciousness” 
(Chalmers, 2015) in the frame of material monism. While this allowed these theories of consciousness 
to represent themselves as a viable option alternative to physicalist conceptions, even though they still 
lack an evolutionary dimension. 
This is to say that the idea of a universal substrate, a cosmic ultimate non-physical layer of existence 
that is transcendent but also immanent and active in the physical manifestation, has always been a central 
theme throughout all cultures and ages but has been firmly rejected as a possible active non-mechanical 
entity in a scientific discussion a priori. It is dismissed in a secular scientific context because of its 
obvious theistic implications. But identifying the universal quantum field with its random quantum 
fluctuations as the manifestation of a will, idea, mind or consciousness with a directional volition 
intrinsic in matter or space-time and having final causes, making a particle take one path instead of 
another, a nuclei decay instead of not decaying, a detector click instead of remaining inactive, could 
make more sense rather than blindly accepting it as magic without a magician or resorting to “world-
proliferations”. 
The idea that a physical principle of causality hiding a consciousness-force and consciousness-will 
acting in and between matter determining the events and the history of the cosmos working at the 
quantum level has always been dismissed a priori on arguments pointing to its stochastic nature. Do our 
notions of ‘randomness’, ‘chance’ or ‘accidentality’ prove an absence of will? Can we exclude any final 
causes and teleological arguments in quantum physics by resorting to its random character? 
In fact, the typical objection of the scientist speaking against quantum randomness as having anything 
to do with consciousness and (more or less free) will, mind or brain states assumes (subconsciously) the 
naïve conception of randomness and chance as being synonymous with an undirected phenomenon, an 
indicator of the lack of any conscious agency. It is just ‘noise’ that has no meaning and, thereby, cannot 
be considered a source of volition or a creative power. 
To clarify further why the arguments form randomness against will, volition, consciousness or mind 
as the more fundamental ‘causes’ is an unwarranted conclusion based on a logical fallacy, let us show 
with another useful analogy that shows how quantum unpredictability cannot be taken as a signature for 
lack of agency.  
Consider the probabilistic distribution of the alphabet’s letter in a written text.6 Statistical analysis 
shows that, given a sufficiently long text, regardless of the language and of who writes, the probability 
distribution describing the occurrence of each letter will always be the same. For example, in the English 
language, no matter who is writing and no matter what he/she is writing, the most probable occurrence 
will always be the letter “e”, appearing with a probability of about 12.7% (see Fig. 2 top). 
Without the knowledge of the language, the alphabet, the syntax and, most of all, the semantic 
content of the words, one would see only the occurrence of an unpredictable sequence of symbols and 
may conclude that no conscious volition and willful semantic agent stands behind the occurrence of 
these randomly appearing letters. Of course, though one does not know the English language, nobody 
would seriously believe that. But this is only because we ourselves are conscious agents knowing from 
the outset that, say, behind an English classic like “The Lord of the Flies” stood another conscious agent, 
namely, Charles Dickens.  
The point is that we are not allowed to extrapolate from this unpredictability the absence of an 
immanent teleology. Though this probability distribution of the occurrence of the letters in English is 
not white noise–that is, an equal probability of appearance for all letters–nonetheless, the occurrence of 
the single letter remains completely unpredictable. It can be only characterized by an expectation value 
out of a probability distribution. From the statistical point of view, this is exactly the same notion of 
probability distribution, expectation value, unpredictability and randomness of quantum mechanics. 
Conceptually, there is no difference.  
To illustrate this, consider Fig. 2 bottom. It shows the emission line spectra in the visible light of an 
atom (Neon). It is a snapshot resulting from an exposure that collects the flux of photons in a time 
interval. The horizontal position of the line represents the wavelength of the photons and its intensity 
(the width of the line) the number of photons collected in that time interval. This also dictates the 
 
6 We were inspired by this analogy applied to a quantum field from an article of F. Faggin (Faggin, 2021). 
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probability that one will observe the single photon hit the specific line every time the atom emits a 
photon. Which photon will hit next which line is an exclusively quantum process; one can speak only 
of the probability with which the next photon will appear on one or the other spectral line, but no matter 
how much we know about the quantum system, the single event remains intrinsically unpredictable. 
 
Fig. 2 Top: Probability distribution of the English alphabet.  Bottom: atomic spectral emission lines.     
 
Obviously, this is not to say that language has something to do with quantum physics, but this analogy 
highlights how there is no conceptual difference between the two statistical tests: the statistics of the 
occurrence of the alphabet’s letters in a text and the occurrence of that of the photon’s wavelength by 
an atomic emission. If the former is not a ‘litmus test’ that does allow for any extrapolations for or 
against teleological speculations, the latter is not either. Arguments based on quantum randomness (or 
unpredictability) supposedly demonstrating a lack of will, teleology, final causes, unguided evolution, 
agency, mind or consciousness are flawed logical inferences. 
If we assume quantum physics to be without hidden variables, meaning that probabilities are ontic 
with effects being inherently without cause–then each event is a potentiality, not an effect of a causally 
deterministic process. In physical terms we would have to label this as an “acausal event”. One might 
object that, on the other hand, also positing a universal consciousness standing behind the quantum 
phenomenology reintroduces a different form of causality, even though beyond the boundaries of 
naturalism. Quite so. But this ontology remains irreducible to theories ruled by strict causes and effects 
describable by hidden variable theories and epistemic probabilities. We can admit for some ‘driving 
force’ that stands behind, and is beyond, the physical universe. We will have to switch from a causal 
determinism that describes reality in terms of physical causes and effects, to a realm where events are 
‘causal’ only in the sense of a volitional cause determining a quantum mechanical effect. If we opt for 
an inherently indeterministic vision of quantum phenomena no scientific or logical prescription prohibits 
us to embrace some sort of metaphysics that goes beyond physical determinations (physical forces, 
matter, space and time) replacing it with other non-physical determinants (consciousness, will, mind). 
If quantum theory is without hidden variables, it could make sense to replace an ontology based on a no 
better formulated ‘miraculous causality’ with that of a volitional and goal-driven causality. The ontology 
articulated by a conscious universal field offers, indeed, a substratum in the natural world where a 
teleological action that we perceive from our limited standpoint as ‘random’ may well find its reason to 
be. Taking this point of view would present Einstein’s famous statement that “God, doesn’t play dice” 
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in a different light. Indeed, if random quantum fluctuations are the manifestation of God’s will, it is hard 
to believe that we, as limited cognizant beings, could interpret it other than as being ‘random’. 
5. Quantum physics in biology and final causes 
The fact that quantum physics is a theory without hidden variables, leaving the doors open to 
teleological interpretations is what, in our opinion, has (more or less subliminally) historically motivated 
some physicists and biologists to search for connections between quantum physics and brain states, 
though they rarely express this belief openly. This brings us to the possible links between biology and 
quantum physics–a possibility that has recently been investigated by the science of quantum biology. 
The conjecture that mind and consciousness could have something to do with quantum processes 
taking place in neurobiology is not new and was formulated not long after the inception of quantum 
mechanics itself, when physicist Pascual Jordan first speculated in the 1930s about the possible quantum 
effects in living cells (Jordan, 1941). Jordan suggested that the unpredictability of life, our behavior, the 
mind’s apparent indeterminacy could be reconducted to a macroscopic amplification of the chance and 
unpredictability of the quantum world, and that is somehow scaled up by some physical mechanism 
inside the living organisms. He called this the “amplifier theory”. The idea is that the microscopic 
quantum indeterminism could also influence the macroscopic biology by amplifying the effects of 
Heisenberg's uncertainty principle from the microscopic to the macroscopic scale and, thereby, could 
influence the entire organism. 
Nowadays, this amplification theory could be compared to the famous “butterfly effect” in non-linear 
dynamical systems in which only a tiny difference in the initial conditions of a physical system can 
cause, in the long term, entirely different behaviors and outcomes. The typical analogy that people use 
to exemplify this is in weather forecast and atmosphere dynamics. Say, for example, that a butterfly 
flaps its wing in one part of the world today; this would determine, in the long term, a completely 
different weather condition on the other side of the world than that which would exist if the butterfly 
had not flapped its wings. This is a well-known extreme sensitivity to the slight modification of the 
initial conditions of non-linear systems–that is, it is an amplification effect. Without question, the brain 
is a strongly non-linear system that inevitably must be sensitive to ‘neural butterfly effects’ as well. The 
question is: Does this sensitivity go so far as to also incorporate quantum effects?  
If so, this could be the physical entrance door of an unphysical mind into the physical brain, a possible 
connection between quantum indeterminism and free will, and quantum randomness as a manifestation 
of will and intentionality that can influence macroscopic events departing from the microscopic ones. 
This “quantum telos” could play a role in determining the behavior of single cells and the cerebral 
activity of any living organism and may affect the random genetic mutations that evolutionary biology 
considers, besides natural selection, one of the main driving forces in evolution. 
However, what made Jordan’s theory fall into disgrace was Jordan himself, who embraced a Nazi 
ideology and even tried to connect his theory to supposed principles of life with the necessity of 
dictatorial leaders like the ‘Führer’–that is, Hitler. Obviously, and in part understandably, all his physical 
quantum biological ideas were soon dismissed and ignored, until nowadays. Nevertheless, we believe 
that Jordan’s scientific research remains a direction worth being explored. 
In fact, similar ideas were developed later by Australian neurophysiologist, philosopher and Nobel 
laureate John Eccles, who suggested that quantum theory plays a role in the workings of the brain as an 
alternative to a rigid deterministic neurophysiology. In 1994, Eccles claimed that quantum theory enters 
brain dynamics in connection to cerebral exocytosis–that is, the transport of vesicles filled with 
neurotransmitters from a nerve terminal into a synapse (Eccles, 1994). Exocytosis is triggered by an 
action potential build-up caused by the flow of calcium ions through ion channels into the nerve cells. 
These ion channels are the size of a nanometer and thereby are small enough to be subjected to quantum 
phenomena. If so, quantum effects are amplified through the exocytosis processes, which determines 
the workings of the 80-100 billion neurons of all the brain circuitry. 
More popular became the model proposed by theoretical physicist and 2020 Nobel laureate Roger 
Penrose together with anesthesiologist Stuart Hameroff, who collaborated to produce the theory known 
as “Orchestrated Objective Reduction” (Orch-OR) (Hameroff & Penrose, 2014). Penrose proposed that 
the quantum wave function collapse can occur in isolation, called “objective reduction”, and Hameroff 
suggested that microtubules–that is, the polymers that form part of the cellular cytoskeleton for the cell’s 
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structure and shape–could be a suitably small structure to make this objective reduction, together with 
other quantum effects, effective. However, some of the Orch-OR model predictions have been falsified 
and it is questionable as to whether it will survive as a tenable speculation in the future. 
Less known but noteworthy is Karl Pribram’s “holonomic brain theory” developed in 1999 in 
collaboration with David Bohm where the brain is conceived as a holographic storage network (Pribram, 
1999). Pribram suggested that memory is encoded in the brain in form of electric wave oscillations in 
dendritic networks like a quantum holographic memory. A theory that, in principle, could account for 
the non-local aspect of human’s memory storage. 
About the same time the Italian physicist of the university of Salerno Giuseppe Vitiello, followed a 
similar path developing a quantum field theory of many body systems which conceives the brain as a 
dissipative condensed matter system exhibiting ordered patterns maintained by long-range correlations 
and which could also account for the neural mechanisms of memory formation (Vitiello & Alfinito, 
2000) (Capolupo et al., 2014). 
Others pursue similar lines of research, speculating about the possible connection between a quantum 
field and neural activity. These include Tim Palmer, a physicist at the University of Oxford who suggests 
that the brain’s sensitivity to thermal and quantum noise can be a factor for creativity (Palmer, 2020). 
Worth mentioning might also be Joachim Keppler's theory of a phenomenological 'ubiquitous field of 
consciousness’–that is, the universal quantum field–which modulates and determines the brain’s state 
by a quantum mechanism leading to coherently oscillating neural cells tapping into this universal field 
of consciousness (Keppler & Shani, 2020). 
So far, however, any theory suggesting links between quantum physics and consciousness remains 
purely speculative and highly controversial. The main objection is that thermal decoherence–that is, the 
effects of the heat coming from the environment on quantum processes in the brain–would immediately 
destroy any quantum coherence, such as entanglement or superposition of particles inside the cells, 
which are notoriously much too hot compared to the temperatures needed to sustain the simplest form 
of quantum effects. 
Note, however, that Jordan’s, Eccle’s and Palmer’s models do not require effects of quantum 
coherence and do not rely on particular exotic quantum states of matter. Rather, they exploit the quantum 
random noise alone.  
One could also ask if noise, independent of the question of whether it is quantum or classical 
deterministic randomness, could be a source of innovation and creativity. At a much larger scale than 
those occurring at the microscopic quantum levels, it is now known that at least classical deterministic 
noise is, indeed, a novel creative process. Modern developmental biology is recognizing how, also, the 
fluctuations in a biological process determined by the Brownian motion–that is, the molecular jitter  that 
makes molecules bounce around due to thermal effects–are an important factor in determining diversity 
and variation in the phenotypic traits of a species, such as its shape, size, color and even behavior. 
Genetically identical organisms living in the same environment can develop very differently. For 
example, it turns out that the synthesis of proteins, their folding, their function or how they assemble 
also depends on how they have been randomly bound, pulled apart or diffused inside the cell 
(Cepelewicz, 2020). Stochastic processes can be a steering force for diversity in developmental biology.  
6. Conclusion 
We argued against the habitual tendency to connect stochastic processes to statements for or against 
teleological ontologies. Statistical concepts such as randomness, unpredictability, noise and chance do 
not exclude final causes, teleology or conscious creativity. Either way, the arguments by randomness 
for or against teleological hypotheses in evolution, or in any scientific context, are an unfortunate 
common fallacy that has no inferential value or explanatory power. There is no principle of mutual 
exclusivity. A scientific and philosophical approach that starts from the more or less abstract and loose 
notion of randomness, connecting it naively to unguided evolution or a lack of purpose, meaning or any 
kind of intentionality, is misplaced. Using unpredictability as a measure of intentionality leads to 
unaware but unwarranted and inaccurate statements. At bottom, randomness measures only our 
ignorance. Science should refrain from jumping to conclusions based on a metaphysical belief system 
itself and, in this regard, maintain an agnostic attitude. Nothing disallows for teleological speculations. 
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What we call ‘unpredictability, ‘noise’, ‘randomness’ and ‘chance’ might well be the backdoor of a 
supra-physical intelligent agency. 
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